Introduction
Textile implants usually consist of polymers which cannot be distinguished from the ambient tissues with conventional radiological imaging methods such as X-ray, ultrasound, computed tomography, and magnetic resonance imaging (MRI). The concept of a visible mesh implant in MRI is realized by compounding superparamagnetic iron oxides (SPIOs) into the polymer of the mesh. This new mesh material can be visualized as signal voids in MRI due to the magnetic field distortion caused by the SPIOs.
Methods
The base material of a hernia implant is PVDF which is incorporated with SPIOs during the spinning process. For this purpose, different SPIO nanoparticles were synthesized by co-precipitation and thermal decomposition methods and used for manufacturing the threads. The following key parameters that influence the physical and chemical properties of both SPIOs and the threads were determined: The magnetic behaviour was investigated using a superconducting quantum interference device. The size of the nanoparticles was determined by dynamic laser scattering, transmission and scanning electron microscopy as well as atomic force microscopy. The measurement of cluster size and distribution within the threads was performed using combined atomic and magnetic force microscopy. The relaxation times in order to determine the imaging characteristics were measured in phantoms by means of magnetic resonance imaging.
Results
Co-precipitation particles were chosen to be incorporated into the mesh material due to their high magnetization, high relaxivities, small sizes and high iron concentration values. The optimum parameter configuration was achieved for uncoated iron oxide nanoparticles with a grain size of 1 µm incorporated in threads with an iron concentration of 10 mg/g and of 20 mg/g.
Conclusion
The investigations show that the applied methods are a feasible approach to control the optimization process of various MR-visible mesh types.
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